unclear which index number t o use a t d i f f e r e n t p o i n t s during t h e simulation run. queueing and production systems r e s p e c t i v e l y . In t h i s paper, t h e use of t h e global simulation clock a s t h e index is discussed.
INTRODUCTION, BACKGROUND, AND MOTIVATION
Frequency
When frequency domain simulation experiments a r e performed, an input process x ( t ) is v a r i e d about x(0) a t d r i v i n g frequency w with o s c i l l a t i o n
Suppose t h e assembly s t a t i o n h a s average production r a t e p and t h e average a r r i v a l r a t e s f o r p a r t s A and B a r e XA and b, r e s p e c t i v e l y . The i n p u t s a r e v a r i e d according t o ( t ) = X (0) t xlsin(2rwlt)
b(t) = b ( 0 ) t x2sin(2nw2t) p(t) = p(0) t er3sin(2xw3t)
A A I n t h e assembly operation one p a r t of type A is combined with two p a r t s of type B, t o form a new p a r t of type C. There a r e four p a r t numbers a s s o c i a t e d with t h i s operation (one A , two B ' s , and one C). Which one should be used a s t h e index i n (l)? The d i f f i c u l t y of s e l e c t i n g an index from p a r t numbers i n c r e a s e s with t h e complexity of t h e manufacturing system which may involve s h u f f l i n g of p a r t s [SI, m u l t i p l e assembly operations, and / or discarding of p a r t s .
I t would be d e s i r e a b l e t o have a common index,
t , f o r a l l parameters. An obvious choice is t h e global simulation clock. However, i t s a p p l i c a t i o n i s not straightforward.
where w is i n c y c l e s per u n i t of t . The "time" index, t , may be t h e customer a r r i v a l number i n queueing networks or job number i n production, manufacturine.
. TEE GLOBAL TIME CLOCK INDEX AND PaEQUENCY SEIFTS
Consider using t h e global simulation clock a s t h e o s c i l l a t i o n index, t . I n a frequency domain simulation experiment, t h e input process x ( t ) can be described by x(t)=x(O)+asin(2xwt). When t h e o s c i l l a t i o n index, t is customer number or p a r t computing system and inventory models. I n systems where customers or p a r t s r e t a i n t h e i r i d e n t i t y , t h i s index is s u f f i c i e n t ; i n f a c t , it is i d e a l l y suited t o freauencv domain exDeriments. However. if number, then x ( t ) t a k e s on values a t t=o,l,2,3,....
-~ assemblies o r s e p a r a t i o n s occur, it may become This r e s u l t s i n an output value, y ( t ) , a t t=0,1,2,3, .... Suppose we use t h e global simulation clock T a s t h e u n i t f o r t. Suppose f u r t h e r t h a t t h e ith customer or p a r t is procemed a t time T~. This r e s u l t s i n
where n is t h e number of customers or p a r t s processed during t h e running of t h e simulation experiment. If t h e expected time between customers being processed a t a p a r t i c u l a r server or machine is T time u n i t s , then we have w~= T w ( T~/ T ) .
Since E(.ri)=iT, then E(wri)=Twi f o r i=1,2,. . . .n. Therefore using global simulation clock time a s t h e index r e s u l t s i n t h e frequencies with s i g n i f i c a n t power spectrum values being r e s c a l e d by T, t h e expected time between customer or part s e r v i c e i n t h e system. The value f o r T is t y p i c a l l y known t o t h e simulation user i n simple models but may need t o be estimated i n more complex models. Since a l l t h e term indicator frequencies gc:t r e s c a l e d by some T value associated with its corresponding server or machine input. t h e frequency s e l e c t i o n problem discussed i n [l] can be modified by using driving frequencies t / T r a t h e r then t h e % given i n [I].
EXAMPLE 1:
Consider t h e a n a l y s i s of an M/M/1 queueing system using frequency domain methodology. A simulation model of t h e Y/M/1 queue is run f o r n=50000 observations. The f i r s t 5000 observations a r e a r b i t r a r i l y dropped t o reduce t h e i n i t i a l t r a n s i e n t e f f e c t of t h e system. The output power spectrum is estimated with a Tukey lag window of m=24(.9)n=424. The inputs p and X a r e v a r i e d according t o t h e formulas p(t)=p(0)tasin(2nwlt) or X( t ) =X( 0) tas i n ( 2nw2t) where p(O)=l customers u n i t per of time and X(0)=.5 customers per u n i t of time.
The expected time between customers being served i s T=l/X f o r systems with t r a f f i c i n t e n s i t y p=X/p<l. T=l/X(O)=2. Therefore, t h e r e s u l t s given i n Table 1 and depicted i n Figures 2, 3, 4, and 5 demonstrate how t h e global simulation clock can be used t o d r i v e t h e input v a r i a t i o n s during a frequency domain experiment. In Table 1 , t h e values of T a r e estimated from t h e s i g n a l run and r e s u l t s i n a 1 s i g n i f i c a n t output power spectrum value a t ?w and/or ?a2.
W e should note t h a t when we used t h e global

APPLICATIONS simulation clock t o d r i v e t h e o s c i l l a t i o n s f o r both inputs X and p simultaneously, we found t h e system became more s e n s i t i v e t o o s c i l l a t i o n s i n t o unstable regions (i.e. &I). In f a c t , t h e output power s p e c t r a yielded f a l s e negatives i f t h e o s c i l l a t i o n This s e c t i o n w i l l demonstrate and compare t h e e f f e c t i v e n e s s of t h e global simulation clock versus t h e customer or p a r t number as t h e u n i t of index t.
The comparison w i l l be made using two simple examules. A ---. . . .-amplitudes were chosen t o o large. This problem is discussed more f u l l y i n [SI. The simple assembly o p e r a t i o n given i n F i g u r e 1 is s i m u l a t e d f o r a r u n s i z e of n = 50000 where t h e f i r s t 5000 o b s e r v a t i o n s a r e d i s c a r d e d t o reduce i n i t i a l t r a n s i e n t e f f e c t s of t h e system. The a r r i v a l and s e r v i c e d i s t r i b u t i o n s a r e assumed t o be exponential with r a t e s given i n (l), where XA(0) = 0.5, Xg(0) = 1.0, p(0) = 1.0, and ai = 0.3, a2 = 0.6.
The output time s e r i e s is a r e c o r d of t h e d i f f e r e n c e between each completion time of t h e assembly o p e r a t i o n and t h e corresponding a r r i v a l time of t h e l a t e s t a r r i v i n g component p a r t . Any input parameter which i n f l u e n c e s t h i s output w i l l a l s o i n f l u e n c e t h e throughput of t h e system. The output power spectrum is e s t i m a t e d using Tukey l a g window with m = 200.
Table 2 c o n t a i n s a summary of t h e s i m u l a t i o n runs. A s i n example 1, t h e v a l u e s f o r T a r e e s t i m a t e d i n each s i g n a l run. Linear term i n d i c a t o r f r e q u e n c i e s a r e provided f o r t h e g l o b a l c l o c k time index and t h e p a r t number index f o r p a r t t y p e C. Note t h a t t h e l i n e a r term i n d i c a t o r frequency f o r
% is t w i c e t h e d r i v i n g frequency, s i n c e two t y p e B p a r t s a r e c o n t a i n e d i n each type C p a r t . F i g u r e 6 is t h e signal-to-noise r a t i o when p is v a r i e d and t h e p a r t number index is used. F i g u r e 7 c o n t a i n s t h e signal-to-noise r a t i o when p is v a r i e d and g l o b a l clock is used a s t h e index. The r e s u l t s i l l u s t r a t e t h a t t h e g l o b a l clock time can be used s u c c e s s f u l l y i n t h i s s e t t i n g when one input parameter is v a r i e d during a run.
When more t h a n one input parameter is v a r i e d during a r u n , t h e r e s u l t s f o r t h e g l o b a l time c Figure 9 ).
CONCLUSIONS
W e have i l l u s t r a t e d , using two simple s i m u l a t i o n models, why t h e g l o b a l clock is not n e c e s s a r i l y a good index f o r running frequency domain experiments. However, t h i s d i s c u s s i o n has provided more i
n s i g h t i n t o t h e indexing problem
and, w i t h subsequent work, may l e a d t o a more g e n e r a l indexing scheme.
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